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DESCRIPTION 



OPTICAL CONTROL TYPE PHASED ARRAY ANTENNA 



Technical Field 
The present invention relates to an optical control type phased 
arrayantenna ( PAA) capable of suppressing a phase noise and a relative 
intensity noise. 

Background Art 

A conventional optical control type phased array antenna 
includes signal generating means for outputting one electrical 
signal corresponding to an inputted beam direction of a phased array 
antenna, and a plurality of phase shifting means for phase-shifting 
a plurality of first optical signals outputted from second 
distribution means by phase amounts which correspond to the 
electrical signal and which are different from one another. Thus, 
a circuit can be simplified to be reduced in size and weight, and 
hence the whole phased array antenna including the circuit can be 
reduced in size and weight (refer to JP-A 3-57305 (page 9 and Fig. 
1) for example) . 

However, there is encountered a problem in that measures for 
suppressing a phase noise and a relative intensity noise of a light 
source itself are not taken in the above-mentioned conventional 



optical control type phased array antenna. 

The present invention has been made in order to solve the 
above-mentioned problem. It is, therefore, an obj ect of the present 
invention to obtain an optical control type phased array antenna 
capable of suppressing phase noises including: a phase noise 
generated by phase fluctuation of a light source itself; a phase 
noise generated by an optical length change resulting from a change 
of a refractive index of the atmosphere due to a disturbance such 
as a temperature fluctuation in a space in a case where a spatial 
transmission line is used as transmission means; a phase noise 
generated by a change in beam scanning direction; and a relative 
intensity noise of the light source. 

DISCLUSURE OF THE INVENTION 
According to the present invention, an optical control type 
phased array antenna includes : laser generatingmeans for generating 
a light having a single wavelength; optical path branching means 
for branching the emitted light from the laser generating means 
into first and second transmission lights; high frequency signal 
generating means for generating a high frequency signal; optical 
frequency modulating means for shifting a frequency of the first 
transmission light obtained through the branching by the optical 
path branching means by a frequency of the generated high frequency 
signal; spatial light phase modulating means for carrying out spatial 



phase modulation corresponding to an antenna beam pattern for the 
first transmission light having the frequency shifted by the 
frequency of the generated high frequency signal; and optical path 
branching/multiplexing means for multiplexing the first 
transmission light subjected to the phase modulation and the second 
transmission light obtained through the branching by the optical 

path branching means. 

Moreover, the optical control type phased array antenna further 
includes: aperture dividing/light collecting means for dividing 
the transmission light obtained through the multiplexing by the 
optical path branching/multiplexing means into a plurality of 
transmission lights; a plurality of optoelectronic converting means 
for converting light intensities of the plurality of transmission 
lights into electrical signals, respectively; and a plurality of 
element antennas for radiating the electrical signals from the 
plurality of optoelectronic converting means in the form of beams, 
respectively. 

Then, optical path lengths of two paths between the optical 
path branching means and the optical path branching/multiplexing 
means are equalized. 

Brief Description of the Drawings 
FIG. 1 is a block diagram showing a configuration of an optical 
control type phased array antenna according to Embodiment 1 of the 



present invention; 

FIG. 2 is a block diagram showing a configuration of an 
experimental system of the optical control type phased array antenna 
according to Embodiment 1 of the present invention; 

FIG . 3 is a graphical representation showing an output spectrum 
before an adjustment of an optical path length and an output spectrum 
after the adjustment of the optical path length in the experimental 
system of the optical control type phased array antenna according 
to Embodiment 1 of the present invention; 

FIG. 4 is a block diagram showing a configuration of an optical 
control type phased array antenna according to Embodiment 2 of the 
present invention; 

FIG. 5 is a characteristic diagram showing a relationship 
between a phase difference and an output voltage in phase error 
detecting means of the optical control type phased array antenna 
according to Embodiment 2 of the present invention; 

FIG. 6 is a characteristic diagram showing a relationship 
between an input voltage and a modulated phase in light phase 
modulating means of the optical control type phased array antenna 
according to Embodiment 2 of the present invention; 

FIG . 7A and FIG . 7B are a schematic diagram showing propagation 
of beams before a change of a beam scanning direction of element 
antennas and propagation of the beams after the change of the beam 
scanning direction of the element antennas in an optical control 



type phased array antenna according to Embodiment 3 of the present 
invention; 

FIG. 8A and FIG. 8B are a schematic diagram showing propagation 
of beams before a change of a beam scanning direction and propagation 
of the beams after the change of the beam scanning direction when 
the beams are assumed to be radiated from a continuous plane in 
the optical control type phased array antenna according to Embodiment 
3 of the present invention; 

FIG. 9 is a block diagram showing a configuration of an optical 
control type phased array antenna according to Embodiment 4 of the 
present invention; and 

FIG. 10A and FIG. 10B are a graphical representation showing 
output spectra when suppression of a relative intensity noise is 
measured by balanced receiver means using the experimental system 
of FIG. 2. 

Best Mode for carrying out the Invention 
Embodiments of the present invention will hereinafter be 
described based on the accompanying drawings. 
Embodiment 1 

An optical control type phased array antenna according to 
Embodiment 1 of the present invention will now be described with 
reference to the corresponding drawings . FIG. 1 is a block diagram 
showing a configuration of an optical control type phased array 



antenna according to Embodiment 1 of the present invention. Note 
that in FIG. 1, the same reference symbols designate the same or 
corresponding constituent elements. 

In FIG. 1, the optical control type phased array antenna 
includes: laser generating means 1 for generating a light having 
a single wavelength to output the generated light through an optical 
fiber; optical fiber type transmitting means (corresponding to 
portions indicated by heavy lines) for transmitting the light 
outputted by the laser generating means 1; optical path branching 
means 3 for branching the light transmitted through the optical 
fiber type transmitting means 2 and for allowing a branching ratio 
tobe freely changed; high frequency signal generating means 4 adapted 
to oscillate at a single frequency; optical frequency modulating 
means 5 for shifting a frequency of the transmission light by the 
frequency of a high frequency signal inputted thereto from the high 
frequency signal generating means 4 to output the resultant 
transmission light; transmission beam diameter converting means 
6a and 6b for changing a transmission line from the optical fiber 
type transmissionmeans 2 to transmissionmeans other than the optical 
fiber; spatial light phase modulating means 7 for carrying out 
collectively spatial phase modulation corresponding to an antenna 
beam pattern for the transmission light transmitted through the 
optical fiber type transmitting means 2; optical path 
branching/multiplexing means 8 capable of branching or multiplexing 



the transmission light transmitted through the spatial transmission 
line; aperture dividing/light collecting means 9 for changing a 
transmission style for the transmission light from the spatial 
transmission to the optical fiber type transmission and for dividing 
the transmission light into a plurality of transmission lights; 
optoelectronic converting means 10a, 10b to lOn for converting light 
intensities of the transmission lights transmitted through the 
optical fiber type transmission means 2 into electrical signals, 
respectively, to amplify the resultant electrical signals up to 
a desired voltage level; feeder lines 11a, lib to lln having one 
ends connected to output portions of the optoelectronic converting 
means 10a, 10b to lOn, respectively; and element antennas 12a, 12b 
to 12n connected to the other ends of the feeder lines 11a, lib 
to lln, respectively. 

In addition, optical path lengths of the two transmission 
lights obtained through the two-branching from the optical path 
branching means 3 to the optical path branching/multiplexing means 
8 are equalized. 

Note that spatial transmission lines (corresponding to 
portions indicatedby two fine lines) extend between the transmission 
beams diameter converting means 6a and 6b, and the aperture 
dividing/light collecting means 9. 

Next, an operation of the optical control type phased array 
antenna according to Embodiment 1 will be described with reference 



to the corresponding drawings. 

First of all, a laser beamis outputted from the laser generating 
means 1 to be transmitted through the optical fiber type transmitting 
means 2 . The transmission light is then branched into transmission 
lights for two paths by the optical path branching means 3. Here, 
a frequency of each of the transmission lights to be transmitted 
through the two paths, respectively, is assigned f c . 

One transmission light (signal light) obtained through the 
two-branching by the optical branching means 3 becomes a signal 
(its frequency is f c + f RF ) a frequency of which is shifted by an 
oscillation frequency f RF provided by the high frequency signal 
generating means 4 through the high frequency signal generating 
means 4 and the optical frequency modulating means 5. Moreover, 
a transmission path of the transmission light is changed from the 
optical fiber type transmission means 2 to transmission means (a 
spatial transmission line in this example) other than the optical 
fiber by the transmission beam diameter converting means 6a. Also, 
the spatial phase modulation corresponding to a desired antenna 
pattern is carried out for the transmission light by the spatial 
light phase modulating means 7. 

On the other hand, a transmissionpath of the other transmission 
light (local light) obtained through the two-branching by the optical 
path branching means 3 is changed from the optical fiber type 
transmitting means 2 to transmission means (a spatial transmission 
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line in this example) other than the optical fiber through the 
transmission beam converting means 6b. 

The signal light and the local light are multiplexed by the 
optical path branching/multiplexing means 8, and a transmission 
style of the resultant transmission light is changed to optical 
fiber type transmission again. Moreover, the transmission light 
obtained through the multiplexing is divided into a plurality of 
transmission lights which are in turn converted into electrical 
signals by n (n: natural number) optoelectronic converting means 
10a to lOn and are then amplified up to a desired voltage level. 
When a detector to output a signal having a frequency difference 
between the signal light and the local light is used in each of 
the optoelectronic converting means 10a to lOn, a frequency of a 
signal outputted from the detector becomes (f c + f R r) - fc = t RF . 
Thus, the frequency f c of the transmission light can be excluded. 
Radio signals each having the frequency f RF are fed to the element 
antennas 12a to 12n through n feeder lines 11a to lln, respectively. 

In a configuration of FIG. 1, optical path lengths of the two 
paths of the signal light and the local light are assigned L x and 
L 2 , respectively. The optical path lengths of the two paths include 
the ■ intraoptical-fiber transmission means and the 
extraoptical-fiber transmission means (spatial transmission line) 
from the optical path branching means 3 by which the transmission 
light is branched to the optical path branching/multiplexing means 



8 by which the resultant transmission lights are multiplexed. 

Here, when I Ll - L 2 1 = AL and x = nAL/c (where n represents 
a refractive index of a transmission line medium, and c is the light 
velocity) are established, a relationship between t and a spectrum 
Sd(f) of an output signal from the detector is expressed by Equation 
(1) (reference literature: "COHERENT OPTICAL COMMUNICATION 
ENGINEERING" , by Okoshi and Kikuchi, pp. 90 to 94) . Note that 5f 
represents a line width of the light source (the laser generating 
means 1) : 

S d (J) = exp(-2;r#r)£(/) 

x (cos2#r - ^rsin 2nfr)} 
25/ 

L_ exp(-2^r)sin 2rfr 

When AL is made close to zero in Equation (1), a first term 
(signal spectrum component) of Equation (1) becomes dominant to 
terms in and after a second term (noise spectrum component), and 
hence a measured output spectrum has a sharp peak. For example, 
when 5f = 3.2 MHz and an offset frequency f = 2 MHz are substituted 
for Equation (1), if the fiber length is adjusted so as to meet 
AL = 1 um, 142 dB can be obtained as an SNR (a ratio of the first 
term to the terms in and after the second term in Equation (1)) 
in S d (f ) • 

in addition, an experimental system as shown in FIG. 2 was 
configured and measurements of suppression of a phase noise were 



carried out. 

In FIG. 2, this experimental system includes: a semiconductor 
laser (LD) 101; a polarization surface preserving optical fiber 
102; an optical connector (FC-PC) 103; an optical isolator 104; 
a 3dB-cou P ler 105; an optical attenuator 106; optical connectors 
(FC-Angled PC) 107a to 107c; an acousto-optic modulator (AOM) 108; 
a variable coupler 109; balanced receiver means (BR) 110 having 
two photodiodes (PDx and PD 2 ) ; a transmission line 111; and an 
electrical spectrum analyzer 112. 

Next, an operation of the experimental system will be described . 
A light outputted from the semiconductor laser (LD) 101 is branched 
into two transmission lights using the 3dB-coupler 105. One 
transmission light is used as a local light in a heterodyne detection 
system, and is made incident to the variable coupler 109 after being 
attenuated in the optical attenuator 106. The other transmission 
light is used as a signal light in the heterodyne detection system. 
Thus, the other transmission light is made incident to the variable 
coupler 109 after being frequency-modulated at 50 MHz using the 
acousto-optic modulator (AOM) 108. 

Moreover, two output lights after the local light and the signal 
light are multiplexed in the variable coupler 109 are made incident 
to the balanced receiver means (BR) 110 serving as an optoelectronic 
converter, and a spectrum of an output signal from the balanced 
receiver means (BR) 110 is measured with the electrical spectrum 



analyzer 112. Here, an optical path length of the transmission light 
outputted from one output port of the 3dB-coupler 105 to the balanced 
receiver means (BR) 110, to which the transmission light passes 
through the optical attenuator 106 and the variable coupler 109 
to be made incident, is assigned L local . An optical path length of 
the other transmission light outputted from the other port of the 
3dB-coupler 105 to the balanced receiver means (BR) 110, to which 
the other transmission light passes through the acousto-optic 
modulator (AOM) 108 and the variable coupler 109 to be made incident, 
is assigned L signal . In the measurements, the output spectra were 
measured under a condition in which the fiber lengths were adjusted 
so that the two optical path lengths, L l0 cai and L signal , were equalized. 

FIG. 3 shows measurement results of the optical spectrumbef ore 
the adjustment of the optical lengths and the optical spectrum after 
the adjustment of the optical lengths. As shown in FIG. 3, though 
before the adjustment of the optical path lengths of 92 dB/Hz was 
obtained in terms of an SNR per 1 Hz as the SNR in offset of 2 MHz, 
after the adjustment of the optical path lengths of 120 dB/Hz was 
obtained as the SNR in offset of 2 MHz. Thus, it was proved from 
those measurement results that the equalization of the two optical 
path lengths makes the suppression of the phase noise possible. 

in addition, since in Embodiment 1, as shown in FIG. 1, the 
optical path branching means 3 is used, the suppression of the phase 
noise using a single light source becomes possible. 



As described above , with the configuration in which the optical 
path lengths of the two transmission lights obtained through the 
two-branching are equalized for the purpose of carrying out the 
heterodyne detection, the optical control type PAA has an advantage 
that the phase noise of the light source itself can be suppressed 
with a single light source. 

Note that while in Embodiment 1, there are some portions in 

each of which the optical fiber is used as the optical transmission 

means, the transmission means is not especially limited thereto 

in the present invention. 

Embodiment 2 

An optical control type phased array antenna according to 
Embodiment 2 of the present invention will hereinafter be described 
with reference to the corresponding drawings. FIG. 4 is a block 
diagram showing a configuration of the optical control type phased 
array antenna according to Embodiment 2 of the present invention, 
In Embodiment 1 described above, in the optical control type 
PAA, the two optical path lengths of the transmission lights obtained 
through the two-branching are equalized for the purpose of carrying 
out the heterodyne detection, thereby realizing the suppression 
of the phase noise with the single light source. However, when a 
spatial transmission line is used as the transmission means, the 
refractive index of the atmosphere changes due to a disturbance 
such as a temperature change in the space, and hence the optical 



path length changes . As a result, phase fluctuation is newly caused, 
in Embodiment 2, the suppression of the phase noise is realized 
using a phased locked loop (PLL) as measures to solve that problem. 

In FIG. 4, the same constituent elements as those in FIG. 1 
are designated with the same reference numerals and their description 
are omitted here. 

The optical control type phased array antenna according to 
Embodiment 2 of the present invention further includes: 
optoelectronic converting means 10A for converting a light intensity 
of a transmission light transmitted through the optical fiber type 
transmitting means 2 into an electrical signal similarly to each 
of the optoelectronic convert ing means 10a to lOn, and for amplifying 
the resultant electrical signal up to a desired voltage level; light 
phase modulating means 13 capable of controlling a phase of the 
transmission light; phase error detecting means 14 for detecting 
a phase error caused during the transmission of the transmission 
light; and voltage converting means 15 for setting the electrical 
signal at a desired voltage level. 

Next, an operation of the optical control type phased array 
antenna according to Embodiment 2 will be described with reference 
to the corresponding drawings. 

An operation different from that of Embodiment 1 described 
above will nowbe described. Firstof all, the light phase modulating 
means 13 is inserted between the optical path branching means 3 



and the transmission beam diameter converting means 6b in the 
transmission line of the local light obtained through the 
two-branching by the optical path branching means 3 . Note that the 
light phase modulating means 13 may also be inserted in the 
transmission line of the signal light. 

In addition, the transmission light obtained through the 
multiplexing in the optical path branching/multiplexing means 8 
is branched into transmission lights for two paths. One of the 
transmission lights is. supplied to the aperture dividing/light 
collecting means 9 similarly to the case of FIG. 1, and the other 
is converted into an electrical signal by the optoelectronic 
converting means 10A. 

The electrical signal obtained through the optoelectronic 
conversion is supplied to the phase error detecting means 14. The 
phase error detecting means 14 detects a phase difference between 
the electrical signal generated from the high frequency signal 
generating means 4 and the electrical signal from the optoelectronic 
converting means 10A. 

Moreover, the phase error detecting means 14 converts the 
detected phase difference into an electrical signal proportional 
to the phase difference based on a relationship as shown in FIG. 
5 for example to output the resultant electrical signal. Here, a 
phase of the electrical signal generated from the high frequency 
signal generating means 4 is assigned * s , a phase of the electrical 



signal from the optoelectronic converting means 10A is assigned 
ix, an output voltage from the phase error detecting means 14 is 
assigned V out/ and an output voltage from the phase error detecting 
means 14 corresponding to * - *s = A* is assigned AV, . Note that 
while the proportional relationship is adopted for the 
characteristics obtained between the phase difference and the output 
voltage in order to make the understanding easy, the characteristics 
obtained between the phase difference and the output voltage are 
not limited thereto as long as those characteristics are known. 

Thereafter, the output voltage from the phase error detecting 
means 14 is supplied to the light phase modulating means 13 through 
the voltage converting means 15 to be modulated into a voltage signal 
havingaphaseproportionaltoaninputvoltagebasedonarelationship 

as shown in FIG. 6 for example. Here, the input voltage is assigned 
V IN , a modulation phase is assigned *v, and a modulation phase when 
a signal having a voltage AV 2 is inputted to the light phase modulating 
means 13 is assigned A* v . Note that while the proportional 
relationship is adopted for the characteristics obtained between 
the input voltage and the modulation phase in order to make the 
understanding easy, the characteristics are not limited thereto 
as long as those characteristics are known. At this time, there 
is inserted the voltage convertingmeans 15 for converting the voltage 
signal from AV, into AV 2 so as to obtain a relationship of A* = A* v . 
As a result, such a negative feedback circuit as to reduce a phase 



difference between the electrical signal generated from the high 
frequency signal generating means 4 and the electrical signal 
obtained through the optoelectronic conversion of the multiplexed 
light is formed, and hence it becomes possible to suppress the phase 
noise caused by the phase fluctuation. 

As described above, the optical control type PAA according 
to Embodiment 2 of the present invention has an advantage that the 
phase noise caused by the disturbance such as the temperature change 
in the space can be suppressed. 

Note that while in Embodiment 2, there are some portions using 
the optical fiber as the optical transmissionmeans, the transmission 
means is not especially limited thereto in the present invention. 
Embodiment 3 

An optical control type phased array antenna according to 
Embodiment 3 of the present invention will hereinafter be described 
with reference to the corresponding drawings. 

In the spatial optical phase modulating means 7 shown in FIG. 
4, it is possible to change the scanning direction of the beams 
emitted through the element antennas 12a to 12n. However, the phase 
shift due to the different optical path length is caused during 
that change as well of the beam scanning direction. In a case of 
a system using the PLL similarly to that of Embodiment 2, the phase 
difference caused by the beam direction change can also be corrected. 
Hereinafter, the principles thereof will be described. 
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Here, the phase fluctuation due to the pattern change in the 
spatial optical phase modulating means 7 is considered as being 
identical to the phase fluctuation due to the change of the scanning 
direction of the beams radiated through the element antennas . Then, 
the phase fluctuation during the change of the scanning directions 
of the beams radiated through the element antennas will hereinafter 
be considered. 

The disposition surfaces of the element antennas can be 
considered based on an azimuth angle direction and an elevation 
angle direction of the beam scanning directions, and also the azimuth 
angle direction and the elevation angle direction can be considered 
independently of each other. Thus, in this case, only the azimuth 
angle direction of the beam scanning direction is considered. 

FIG . 7A and FIG . 7B show the arrangement of the element antennas 
in the azimuth angle direction. Here, an interval of the element 
antennas is assigned d, and the number of element antennas is assigned 
N. At this time, when it is supposed that the azimuth angle direction 
of the beams radiated through the element antennas is changed by 
an angle 6 as shown in FIG. 7B, an optical length difference Al 
in azimuth angle direction between the k-th (k = 1, 2, N-l) 
element antenna and the (k+1) -th element antenna is given by Equation 
(2) : 

Al = dsin9 (2) 

Here, it is supposed that the element antennas are not 



discretely disposed, but the beams are radiated from a continuous 
plane having a length of d x N for generality. In this case as well, 
since the azimuth angle direction and the elevation angle direction 
of the beams may also be considered independently of each other 
as described above, only the azimuth angle direction is considered 
below. 

The axis of coordinates is set as shown in FIG. 8A and FIG. 
8B, and it is supposed that a position j corresponds to a central 
axis of rotation during the beam scanning. In addition, it is 
supposed that the beams are propagated in a state where the intensities 
of the signal lights are uniform in the azimuth angle direction. 
At this time, an optical path length difference on a radiation plane 
with respect to the position j when the beam scanning direction 
is changed by the angle 9 is given by Equation (3) : 



ITT/2 { (x ■ 7) sin 0)dx \ = jNd sin 9 



(3) 



Thus, in order that the optical path length difference may 
become minimum, a position 0 (a center of a beam radiating surface) 
has to be made the central axis of rotation during the beam scanning. 
In addition, a phase difference caused by the optical path length 
difference expressed by Equation (3) can be corrected using the 
PLL. 

As described above, the optical control type phased array 
antenna according to Embodiment 4 of the present invention has an 



advantage that it becomes possible to suppress the phase noise caused 
when the antenna pattern is changed in the spatial optical phase 
modulating means 7 . 

Note that while in Embodiment 3, there are some portions using 
the optical fiber as the optical transmission means, the transmission 
means is not especially limited thereto in the present invention. 
Embodiment 4 

An optical control type phased array antenna according to 
Embodiment 4 of the present invention will hereinafter be described 
with reference to the corresponding drawings. FIG. 9 is a block 
diagram showing a configuration of the optical control type phased 
array antenna according to Embodiment 4 of the present invention. 

Embodiments 1 to 3 described above adopt the system in which 
the phase noise of the light source itself is suppressed, the system 
in which the phase noise caused by the disturbance of the space 
is suppressed, and the system in which the phase noise caused by 
the change of the antenna pattern is suppressed, respectively. 
Moreover, the relative intensity noise is considered as the cause 
of the SNR degradation during the reception in the heterodyne 
detection. In Embodiment 4, balanced receiver means is used as 
measures to solve that problem in the optoelectronic converting 
means 10a to lOn in order to realize the suppression of the relative 
intensity noise of the light source. 

in FIG. 9, the same constituent elements as those in FIGS. 
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1 and 4 are designated with the same reference symbols, and their 

descriptions are omitted here. 

The optical control type phased array antenna according to 

Embodiment 4 of the present invention further includes optical path 

branching means 16a to 16n for branching the transmission light 
transmitted through the optical fiber type transmission means 2 
into two transmission lights, and balanced receiver means (BR) 17a 
to 17n. 

Next, the principles of the suppression of the relative 
intensity noise using the balanced receiver means (BR) will be 
described. 

Momentary electric fields ef the signal light and the local 
light in the heterodyne detection are expressed by Equations (4) 
and (5), respectively: 

S«) = ^{1 +«, cos(£V + e s ))e*"^ < 4 ' 

KO = £F L (i + m L cos(n l( + e L )y>""'-> < 5 > 

P S and P L each represent electric powers of the signal light 
and the local light, c s and o L each represent angular frequencies 
of the signal light and the local light, and *s and •„ each represent 
phases of the signal light and the local light. In addition, it 
is supposed that the signal light and the local light have relative 
intensity noises which are expressed by angular frequencies Us and 
O,, modulation factors m s and m L , and phases 9 S and 9,, respectively. 
When an electric power branching ratio of the optical path branching 



rae ansinsertedinfrontof thebalancedreceivermeans ,BR. isassigned 
e . a propagation constant of the signal light is assigned p„ a 
propagation constant or the local light is assigned h . and a 
propagation constant of the emitted light after the emitted light 
passes through the optical path branching means is assigned fc,, 
optoelectronic fields E l( t, and E,(t) which are made incident to 
p h otodiodes PD, and PD 2 provided inside the balanced receiver means 
,BR, are expressed by Equations (6, and (7), respectively: 

In Equations (6, and (7) , it is assumed that an optical path 
iength of the optoelectronic field E 2 <t) made incident to the 
photodiode PD 2 is longer than that of the optoelectronic field E t ,t, 
ma de incident to the photodiode PD, by Az . Optoelectronic currents 
Xl <t, and I, <t, which are generated when those optoelectronic fields 
are made incident to the photodiodes P Dl and PD 2 are given by Equations 
(8) and (9) , respectively: 

1(f) =(rj i e/hv)x 

{^[l + ™ s cos(n 5 * + 0^ 

+ »,(') 

(8) 

72(0 "{a-^ +Ws co B 0W ) 

+ n 2 (0 



(9) 

Each of m(t) and n 2 (t) represents a sum of a shot noise and 
a thermal noise, m and n 2 represent quantum efficiencies of the 
photodiodes PDl and PD 2 , respectively, e represents an electron charge, 
and h represents a Plank's constant. 

A differential output obtained between the two photodiodes 
PDi and PD 2 is expressed as follows: 

7,(0-^(0 = ^(0+^(0 (10) 

lDc(t ) represents a DC component of an optoelectronic current, 
and I„(t) represents an intermediate frequency component. At this 
time, Ioc(t) is expressed as follows: 

+/7 1 (i-^Ji+^cos(a^+^]+^Ji+^ cos W + ^ + ^ ) ^ 

(11) 

A case where there is no dispersion in all the parameters, 
that is, a case where the quantum efficiencies m and ^ are each 
equal to n, the electric power branching ratio e = 0.5, and Az = 
0 is considered below. At this time, when a time fluctuation 
component of I D c(t) is judged to be a relative intensity noise 
component, and thus is expressed by I N (t) , Equation (12) is obtained 
and thus the relative intensity noise is perfectly canceled. 
I N (t) = (e/hv){O.5rf s [l + m s cos(n s t + 0 s )]-O.57]P s [l + m s cos(Q s t + 0 s )) 

+ 0.5/jPJl + m L cos(Q L ( + 6 L )] - 0.5?]P L U + ™ L cos(Q L / + 0 L )]) 

= 0 

(12) 
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In addition, the measurements of the suppression of the 
relative intensity noise by the balanced receiver means (BR) were 
carried out using the experimental system of FIG . 2 shown in Embodiment 
1 . 

FIGS. 10A and 10B show output spectra. FIG. 10A shows the 
output spectrum before an adjustment of the branching ratio and 
the output spectrum after the adjustment of the branching ratio 
when the optical path lengths of the two paths each extending from 
the variable coupler 109 to the balanced receiver means (BR) 110 
are different from each other. Also, FIG. 10B shows the output 
spectrum before the adjustment of the branching ratio and the output 
spectrum after the adjustment of the branching ratio when the optical 
path lengths of the two paths each extending from the variable coupler 
109 to the balanced receiver means (BR) 110 are egualized. FIGS. 
10A and 10B prove that while an increase in SNR by the branching 
ratio adjustment ( e = 0 . 5) when the optical path lengths are different 
from each other is about 7 dB, an increase in SNR by the branching 
ratio adjustment (s = 0.5) when the optical path lengths are equalized 
is about 39 dB. Thus, it could be proved that the setting of the 
electric power branching ratio of £ = 0.5 and the equalization of 
the optical path lengths are simultaneously carried out, thereby 
allowing the relative intensity noise to be greatly suppressed. 

Consequently, with the configuration using the balanced 
receiver means (BR) as the optoelectronic converting means, the 
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optical control type phased array antenna (PAA) has a following 
advantage. That is, the electric powers of the two incident lights 
made incident to the balanced receiver means (BR) are equalized, 
and the optical path lengths of the two incident lights from the 
optical path branching means, in which the transmission light is 
branched, to the photodiodes PD, and PD 2 , to which the two incident 
lights are made incident, are also equalized, whereby it is possible 
to suppress the relative intensity noise of the light source. 

Note that while in Embodiment 4, there are some portions in 
each of which the optical fiber is used as the optical transmission 
means, the transmission means is not especially limited thereto 
in the present invention. 

INDUSTRIAL APPLICABILITY 
In the optical control type phased array antenna according 
to the present invention, as described above, the optical path lengths 
of the two paths of the signal light and the local light between 
the optical path branching means and the optical path 
branching/multiplexing means are equalized, whereby the phase noise 
caused by the phase fluctuation of the light source itself can be 
suppressed, and hence the request for the line width of the light 
source can be largely relaxed. Consequently, the present invention 
can be applied to a radio application apparatus such as a radar 
apparatus . 



